The recommended treatment for locally advanced gastroesophageal adenocarcinoma has changed to a multimodal approach including neoadjuvant chemotherapy. The aim of this study was to assess potential associations between response to neoadjuvant therapy and post-operative morbidity in patients with gastroesophageal adenocarcinoma. Methods: Sixty-one patients undergoing surgical resection of gastroesophageal adenocarcinoma following neoadjuvant chemotherapy were analyzed. Patients were dichotomized into histopathological responders (Becker grade Ia-II, n = 37) and nonresponders (Becker grade III, n = 24). Perioperative complications were assessed according to the Clavien-Dindo classification. An association between response to neoadjuvant chemotherapy and surgical complications was evaluated with the chi-square or Fisher test where appropriate. Results: Twenty over thirty-seven responders (54.1%) and 17/24 non-responders (70.8%) had perioperative complications of any grade (P = 0.19). The most frequent complications were anastomotic leakage, which had a higher incidence among non-responders (4/24; 16.7%) than responders (1/37; 2.7%; Fisher's test: P = 0.07); and pulmonary complications, which showed no difference in incidence between non-responders (11/24; 45.8%) and responders (13/37; 35.1%; P = 0.57). Conclusion: In patients undergoing resection of gastroesophageal adenocarcinoma after neoadjuvant chemotherapy, there was no association between response and incidence of perioperative complications. However, there was a borderline significant higher incidence of anastomotic leakage among non-responders.
INTRODUCTION
Gastroesophageal adenocarcinoma comprises tumors of the stomach, esophagogastric junction and esophagus. Although some differences in risk factors and tumor biology exist between tumor sites; [1] it seems justified to regard them as one oncological entity, particularly in terms of recommended treatment algorithms and chemotherapeutic options. [2] Grouped together; gastroesophageal adenocarcinoma is one of the most incident cancers and accounts for approximately 1,000,000 annual cancer deaths worldwide. [3, 4] Prognosis remains poor with 5-year survival rates hardly exceeding 30% for all tumor stages combined. [5, 6] Until recently, the standard treatment for gastroesophageal adenocarcinoma had been primary surgery. In the light of the mentioned poor long-term survival; several trials have assessed the potential benefit of neoadjuvant chemotherapy and chemoradiotherapy. [7] [8] [9] [10] [11] A recent metaanalysis of these trials has demonstrated that neoadjuvant therapy confers a relevant survival benefit for patients with gastroesophageal adenocarcinoma. [12] Gastroesophageal resections bear a non-negligible risk of perioperative morbidity with anastomotic leakage [13] and pulmonary complications [14, 15] being the most dreaded complications. The mentioned meta-analysis did not show elevated perioperative morbidity in patients who received neoadjuvant treatment. [12] However, there might be common biological pathways leading to both response to chemotherapy and complications. Examples are higher tissue sensitivity [16] and more pronounced immunosuppression. [17] Thus, better response to neoadjuvant therapy might be associated with a higher risk for perioperative morbidity. In fact, a study showed increased perioperative morbidity in patients with rectal cancer who had a good response to neoadjuvant chemoradiotherapy. [16] Conversely, non-responders might be more prone to perioperative complications because of perpetuated malnutrition or general physical deterioration due to tumor progression.
The aim of this study was to assess potential associations between response to neoadjuvant therapy and perioperative morbidity in patients with gastroesophageal adenocarcinoma.
METHODS
A prospectively maintained institutional database containing all patients undergoing resection for adenocarcinoma of the esophagus, gastroesophageal junction, or stomach was reviewed. From this database, we selected all patients who had received preoperative chemotherapy or chemoradiotherapy and for whom histopathological specimens were available for regression grading. Neoadjuvant chemotherapy is the standard of care in our hospital for patients with locally advanced gastroesophageal adenocarcinoma, who have no medical contraindications against neoadjuvant treatment, since 2006. In selected cases, and in some cases referred from other institutions, neoadjuvant chemoradiotherapy instead of chemotherapy alone is applied. Of 133 patients with gastroesophageal adenocarcinoma who underwent resection between January 2006 and January 2011, the closing date of our database, 60 (45.1%) received neoadjuvant chemotherapy and 1 (0.8%) neoadjuvant chemoradiotherapy.
In all patients, the diagnosis of adenocarcinoma was confirmed by upper endoscopy and biopsies, while computerized tomography of the chest and abdomen, endoscopic ultrasound (EUS) and magnetic resonance imaging of the liver in case of suspected liver metastases were used for clinical staging. The treatment strategy for each patient was determined in a multidisciplinary tumor board after completion of staging was completed. Usually, neoadjuvant chemotherapy was recommended for patients with computed tomography (CT) stage 3 or higher and/or with suspicion of nodal disease on EUS and CT staging, unless they were deemed medically unfit for neoadjuvant treatment or tumor stenosis or bleeding required immediate surgery. If the decision for neoadjuvant therapy was made, it was started as soon as possible. The applied chemotherapy scheme was determined by the treating oncologist according to clinical characteristics and comorbidities of the patient as well as eligibility for clinical trials.
After completion of chemotherapy, all patients were restaged and underwent surgery, which was scheduled 4 to 6 weeks after the last dose of chemotherapy. The type of surgery performed depended on the location and extent of the tumor and the judgment of the operating surgeon. In patients which based on assessment of their pulmonary function, comorbidities and performance status were judged suitable for a transthoracic approach, adenocarcinomas of the esophagus (Siewert type 1 tumors) were treated with an Ivor Lewis operation or a hybrid approach using thoracoscopy, laparotomy and cervical anastomosis, performing 2-field lymphadenectomy and reconstruction with a gastric conduit. Siewert type 2 and 3 tumors were treated with gastrectomy, D2-lymphadenectomy and transhiatal distal esophageal resection with esophagojejunostomy and Roux-en-Y reconstruction. Stomach cancers were treated with total or subtotal gastrectomy and D2-lymphadenectomy with esophagojejunostomy and Rouxen-Y reconstruction. Postoperative treatment was again decided in a multidisciplinary tumor board. For medically fit patients, postoperative continuation of chemotherapy was usually recommended and started 4 to 6 weeks after resection.
All perioperative and postoperative complications which occurred during the operation or the subsequent hospital stay were prospectively collected in the database and classified according to the five-tier scheme proposed by Clavien et al. [18] For all patients, the American Society of Anesthesologists (ASA) score and the Physiological and Operative Severity Score for the enUmeration of Morbidity and mortality (POSSUM) score were determined according to respective recommendations. [19] Moreover, the applied chemotherapy regimen as well as relevant perioperative laboratory parameters were extracted from the database.
Resection specimens were histopathologically analyzed by an experienced glycemic index pathologist and evaluated according to a standardized protocol. The recognizable tumor area was measured, and the entire tumor or scar area was cross-sectioned in 5 mm intervals. The material was paraffin embedded by routine protocol and the sections stained with hematox-ylin&eosin and periodic Acid-Schiff stain. Immunohistochemistry for cytokeratins was performed if tumor cells were not recognizable by routine staining. The resection margins, other areas of esophagus and stomach, and the lymph nodes were examined according to the tumor node metastasis (TNM) staging system. All cases prior to 2010 were restaged after implementation of the 7th edition of the TNM classification in January 2010. [20] Histopathological tumor response to neoadjuvant therapy was assessed via regression grading as proposed by Becker et al. [21] In 
RESULTS
A total of 61 patients (37 males and 24 females) with a median age of 61.9 (range 32-83), underwent resection of gastroesophageal adenocarcinoma after neoadjuvant chemotherapy or chemoradiotherapy during the study period. There were 37/61 (60.7%) responders (Becker grade Ia-II) and 24/61 (39.3%) non-responders (Becker grade III). Patient characteristics for the whole study population, and separately for responders and nonresponders, are displayed in Table 1 . Fifty-seven over sixty-one patients (93.4%) had a microscopically complete (R0) resection of the tumor; four over sixty-one patients (6.6%) had an incomplete resection (R1). All 4 patients with incomplete resection had Union for International Cancer Control (UICC) tumor stage III. The majority of patients (39.3%) received an epirubicin/platinum-based chemotherapy scheme, followed by 29.5% of patients who received a taxane/platinum-based regimen. One patient received chemoradiotherapy (cisplatin, 5-fluorouracil, 36 Gy). The majority of patients (80.3%) were anaemic before surgery. With the exception of UICC stage, which was lower in responders, there were no significant differences between the 2 groups.
All perioperative complications are listed in Table 2 . Twenty-four over sixty-one patients (39.3%) were without any complication. A total of 58 perioperative complications occurred in 37/61 patients (60.7%) during their hospital stay. Four over sixty-one patients (6.6%) had a complication of grade I according to the ClavienDindo classification; twelve over sixty-one patients (19.7%) grade II; eleven over sixty-one patients (18.0%) grade IIIa; two over sixty-one patients (3.3%) grade IIIb; two over sixty-one patients (3.3%) grade IVa and 3/61 patients (4.9%) grade IVb. Three over sixty-one patients (4.9 %) died due to complications (grade V). Two of these deaths were due to septic multiorgan failure and one Absolute number (incidence) of specific complications in responders (n = 37), non-responders (n = 24), and all patients combined (n = 61). More than one complication per patient may be listed The most frequent postoperative complications were pulmonary: pneumonia (9.8%), pleural effusion (16.4%), pneumothorax (6.6%), and respiratory failure (8.2%). Anastomotic leakage occurred in 5 patients (7.7%); in one patient leakage was due to ischemia resulting in necrosis of the gastric conduit. Table 3 compares characteristics of patients who suffered at least one complication (ClavienDindo grade I and higher) with those who remained free of complications. Patients who suffered complications were more often anaemic at the time of surgery. Patients undergoing esophagectomy had a significantly higher risk of complication compared with those who underwent gastrectomy. There was a non-significant trend towards a higher probability of complications in patients who had macroscopically incomplete resection; an ASA score of 3; a higher POSSUM score and lower albumin levels upon resection.
The distribution of the single complication grades among responders and non-responders is depicted in Figure 1 . The proportion of patients with at least one perioperative complication was higher among non-responders (17/24; 70.8%) than responders (20/37; 54.1%; P = 0.19). For all other strata of complication grades, the proportion was higher among non-responders. In the strata of ClavienDindo grades I/II and III/IV, there were proportionally more non-responders than responders. Perioperative death (complication grade V) occurred in 2 responders and 1 non-responder. When looking at specific complications (not shown in Figure) , there was a higher proportion of anastomotic leakage among non-responders (4/24; 16.7%) than responders (1/37; 2.7%; Fisher's test: P = 0.07). Regarding the incidence of pulmonary complications, there was no difference between non-responders (11/24; 45.8%) and responders (13/37; 35.1%; P = 0.57).
DISCUSSION
To our knowledge, this is the first study which assesses a possible association between tumor response to neoadjuvant chemotherapy and postoperative morbidity in patients undergoing resection of gastroesophageal adenocarcinoma.
The results fail to demonstrate a significant association of response and morbidity. However, there is a borderline significant elevation of the risk of suffering an anastomotic leakage for nonresponders, whereas for pulmonary complications, which in itself are the most frequent morbidity after resection of pretreated gastroesophageal adenocarcinoma, there is no tangible difference in risk between responders and non-responders.
A similar study has been conducted in patients with rectal cancer. Horisberger et al. [16] showed that patients with a good response to neoadjuvant intensified chemoradiotherapy had an increased risk for postoperative complications, in line with findings from Tsujinaka et al. [22] who found responders to radiotherapy without concomitant chemotherapy to be at an elevated risk of renal/genitourinary complications. In the study by Horisberger et al. [16] the difference was largely driven by a much higher incidence of anastomotic leakage in responders (25.9% compared to zero in non-responders). Supposed reasons were a stronger inhibition of wound and anastomotic healing due to irritated bowel mucosa and decreased leukocyte function in patients who had a good response as opposed to non-responders. These results are diametrically opposed to our findings. The reasons for these different patterns between the 2 tumor entities are not clear. One possible explanation is that patients with gastroespohageal cancers are more often in poor nutritional and overall physical conditions due to dysphagia and consecutive weight loss than rectal cancer patients. Although there are some contradictory studies, preoperative nutritional and physical deterioration is regarded as a risk factor for complications after resection of gastroesophageal tumors. [23, 24] In fact, we found a trend towards more complications in patients with low preoperative albumin levels. This finding is corroborated by a study from Korea showing a markedly higher complication rate in hypoalbuminemic patients undergoing gastric surgery. [25] Responders to preoperative chemotherapy tend to experience alleviation of symptoms, gain body weight and improve their overall physical status. Consequently, they might have a lower risk of perioperative complications as compared to non-responders. However, histopathological response is not always paralleled by endoluminal tumor shrinkage and thus improvement in ability to swallow and eat.
Another potential reason for the different association of response and perioperative morbidity between gastroesophageal and rectal adenocarcinoma is the kind of neoadjuvant treatment patients undergo. In the study by Horisberger et al. [16] all patients received capecitabine, irinotecan and optionally cetuximab, combined with concurrent radiotherapy. In contrast, in our study only one patient underwent chemoradiotherapy, and chemotherapy regimens were based on a combination of 5-FU and platinum, which in eligible patients was combined with either epirubicin or docetaxel. It is conceivable that higher local radiation sensitivity is linked to sustained tissue vulnerability and thus predisposes to anastomotic leakage, which was the only specific complication with a significantly higher incidence among responders in the study among rectal cancer patients. Such tissue vulnerability might not be induced in chemotherapy schemes without radiotherapy.
Although we found no difference in the overall risk of complication between responders and non-responders to neoadjuvant chemotherapy, the observed trend towards a higher incidence of anastomotic leakage in nonresponders for gastroesophageal adenocarcinoma has a number of clinical implications. For both esophagectomies and gastrectomies, it has been shown that anastomotic leakage is a predictor of early recurrence and shorter survival. [26] [27] [28] Surgeons should therefore be well aware that non-responders have a higher risk of suffering anastomotic leakage, and should make all efforts to avoid it. Such efforts might include a more meticulous anastomotic technique, an intensified rehabilitation, a more conservative surgical approach, and intensified postoperative surveillance and supportive care in nonresponders. It has to be emphasized, though, that surgical radicality and thus oncological long-term outcomes should not be compromised by a general fear of anastomotic leakage as its management has considerably improved over the last decades, particularly so in high-volume centres. [29] [30] [31] [32] The observation that non-responders are more prone to anastomotic leakage constitutes another argument in favor of early response assessment and possible premature termination of neoadjuvant therapy with consecutive resection in non-responders in order to spare patients from ineffective treatment and unnecessary complications. [33, 34] However, prediction of histopathological response with current restaging methods has shortcomings. While CT and endosonography have a low sensitivity and specificity for response; fluorodeoxyglucose(FDG)-positron emission tomography seems to be a more promising modality, but its accuracy is limited especially in gastric signet ring cell carcinoma which is often nonavid for FDG. [35] [36] [37] Moreover, there is yet no consensus on the ideal time frame for response assessment and data from randomized studies assessing early termination of neoadjuvant therapy for non-responders are lacking. Therefore, the approach cannot be generally recommended outside of clinical trials. [38, 39] Our study has a number of methodological limitations. Its sample size and thus statistical power might have been too low to detect an existing association between chemotherapy response and incidence of complications. This lack of power becomes even more evident when evaluating specific complications. The study uses a retrospective analysis of data, which however have been prospectively collected and stored in a database. For the given research question, a prospective and controlled trial design is obviously not feasible. Although the regression grading system proposed by Becker et al. [21] is commonly recognized and validated to predict survival, [40] the dichotomization we used is not. It seemed, however, a rational approach for analysis given the relatively small sample size. Moreover, our study population is somewhat heterogeneous, as different chemotherapy schemes were used for preoperative therapy. Likewise, although gastroesophageal adenocarcinoma is readily regarded as one oncological entity, [2] from a surgical point of view an esophagectomy is different from a gastrectomy and bears a higher risk of complications. However, we aimed at assessing a group effect of neoadjuvant chemotherapy for this tumor entity, which we deem a rational approach from a clinical perspective. The strength of our study is that it comprises all consecutive patients with gastroesophageal adenocarcinoma who were resected after neoadjuvant therapy in our institution and thus excludes any selection bias. It uses validated scores both to assess surgical complications and, with the limitation described above, histopathological response.
In conclusion, this study, which for the first time assessed the association between histopathological response and the risk of postoperative complications in patients undergoing resection of gastroesophageal adenocarcinoma after neoadjuvant chemotherapy, could not find a difference in risk between responders and non-responders. There was however a borderline significant trend towards a higher risk of anastomotic leakage in non-responders. This finding should be kept in mind by surgeons and oncologists when treating such patients. As the power of this study was rather low, we suggest that future studies comprising larger patient populations possibly pooled from several institutionsare conducted.
